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STATICS OF CIRCULAR RING SiIFFhHVRS FOR 5
‘ MONOCOQUW FUSLLAGES*

By W. Sticda

For circular- ring ﬂtlffepers in monocoque fuselages
the bending moments, axial forcecs, and shear forces wunder
the action of applied extcrnal forces or.a moment are ace—
curately computed by known methods, Circular-ring stiffen-
crs with variable moments of incrtia arc likewise consid-
ercd. In comparison with the stecp-by-step and partially
graphical procedurce, the onc here described is a more ac-
curate and at the same time a simpler method,

I. GEJERAL

For airplanc pressurc cabins, a circular-shaped fuse-—
lage cross scetion is generally chosen as most economical
in weight., As will be shown in what follows, the internal
bpressure - which ig the important factor in the design of
stiffeners - gives rise, in the case of the circular cross
section, to axial stresses only, which are taken up mainly
by the adjacent skin. For a noncircular cross section, on
the contrary, the stiffeners under internal pressure must
also be designed for bending moments which lead to consid-—
erably increased weight. -

In the present report, circular-ring stiffeners with
constant and variable moments of inertia under the appli-
cation of extermnal forces are computed, the support given
by the adjacent cylindrical fuselage skin being taken into
account. For various cases of loading, the bending mo-
ments, axial forccs, and shear forces for the ring arc de-
termined., The methods of Pohl and Wise (references 1 and
2) arc used as basis for the computation. 3Both papers
consider only circular rings with constant moments of in-
ertia.

*tzur Statilk von Kreisringspanten in Flugzeugdruckkabinen,"
Luftfahrtforschung, vol. 18, no., 6, Junc 30, 1941,
Pr. 214-222.
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Pohl enploys the elastic center, according to the
nethod of M{iller-Breslau for the determination of the
static redundants, so that his procedure for variable no-
nent of inertia is not directly applicable due to the dis—
placenent of the elastic center fron the ring center.

Wise dispenses with the sinplified deternination of the
two or three static redundants by neans of the elastic
center but deternines instead all nine or five displace-
nent values 833, respectively, according to Miller-

Breslau., Since this nethod is laborious, hec does not pre-
sent the entire computational proccdurec. He also deter—
nines the axial and shear siresses for the threc load
cases: radial force, tangential force, and nonent, for
which Pohl deternined only the bending moments. Wise, sine
ilarly, does not consider the case of variabdble nmonent of
inertia in the ring stiifcner.

In the prescnt roport, the two or three static re-
dundants are dotcernincd fron Castigliano's law of nmininun
work of defornation, Cases of arbitrarily variablc nmonocnt
of incrtia can be treatocd without too iruch conputation on
the basis of the obtained derivative of the work with re-
spect to the static redundants. A few examples are col-
puted,

The equations for bending nonent, axial and shear
forces for constant nonent of 1nert1a, and for several
cases of variable monents of inertla are conputed for. @5150
30°, 45°, etc. , and graphically represented, the method
of representatlon of Pohl being used. In acddition to the
three principal load cases given by Pohl and Wise, nanely,
radial force, tangential force, and nonent applied to the
circular ring with tangential support, there is also con-
sidered the case of sine-shaped load distribution which is
requircd for taking intc account the air wake forces on
the fuselage.

As in the papers of Pokhl and Wise, the cccentricity
betwcen tho supporting cylinder skin and conter of gravity
of the ring section is neglected since, with the usual con-
struction of the fusclage stiffencr, onrnly a small error is
involved,
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II, INTERNAL PRESSURE FOR
CIRCULAR CROSS SECTION

~ Consider a cylindrical fuse-
lage under internal pressure.
To determine the forces and mo-
‘ments, we make a cut along the
tep of the ring and introduce ,
the three static redundants X,,
Xy, and X,, of which the shear
fprce Xy TDbecomes zero on ace
count of symmetry (figs. 1 and
2)., The internal pressure p
then produces at the statically
determinate principal systenm,
the following bending moments,
upbending moments always belng
considered positive:

AP = p dsg ds = r do
dMoq,= r sin (p-c) p r da
M°cp= + ij r sin (p-a) p r do
=+pr2-pr®cosoe (1)
Further, we have for X, = =1
(fig. 2):
M, = + (r-r cos o) (2)
end for X, = =1:

Ve now determine, as in all the
other load cases, the static
redundants, according to the
Castigliano principle of minimum
work of deformation,

M=My— Xy Mg— Xc- M,
=prit—pricospg— Xgq- (r— rcos p)— X¢;

oM M
M _ LM
vx, =~ i reesel 3y,

24 M M,
3z, = =) ET 3%, 4
gﬁ%__o_"~ pr s

¢ —Xi(r—rcosp)—Xc) - (r—rcosg)rdp
2 | 3
= [2prﬂsin «p——’-’ar—smmp—gprzfp
——2X.,-rsinqr—}——:;—Xa-r-rp+Xu- ;—sinth

2x
——Xc-sinq:—}—Xc-qJ]o ............. ()

=—3rp43rX,+2X;

04 o (M 3M
3%, - T JET X,

2z

= g(p rP—pricosp—Xg,-r4- X, rcosp—Xc)rde
o

= [p ra-qJ—-pr'-‘sintp-—-Xa-r-(p—I-X.,-rsintp—X°~¢]§n

=4-2rp—2rX,—2X, . . . . . . ... ..
From equations (5) and (7), we
obtain:
Xo=p-r; X;=0;
M=prt—prtecosp—pr(r—rcosgp)=0!
For uniform internal loading,
therefore, of a cross section, no
bending moments occur in the ring
stiffener - only axial forces
N = pr = const, which remain
essentially in the cylinder skin.
The initial assumption that the
internal pressure 1s transmitted
from the cylinder skin to the
ring stiffener thus holds only to
a small extent.

We next consider the case that
the ring stiffener has variabdle
moment of inertia, the ring as
previously being loaded dy in-
ternal pressure (fig. 3).

J1 = n Jy

J J
J1=Jc:-&-:-=n;}-f=1

Integrating equations (4) and (86)
between the limits O to m and
n times the interval from = to
2m:

24 [ 8 . .3 ,']
0Xa=0—[——?pr2:z+ 2 Xora+t Xe-m

+n[—%przn+%-xa-m+xc-n];
04

_—.0=[pr27z—.Y,,-l';n—Xc-n]
4 nlprra—X, ra—Xe-al

Ve
Adaing the equations:

o=—-g-pn¢2(n+1)+%Xa.m(n+1)

+ Xera{n+1)+pria(nt1)
— Xgoran+41)—Xem{n-1);

1
Of(--g-—g) (p-r—Xs); Xa=p-r; X.=0.
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For the case also of variable mo-~

ment of inertia of the circular -
ring, no bending moments arise -
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——X,,-r-%zp—{—X.,.r(2sincp——%sin 24p)

+Xpr (cos«p —{——;—sin 2¢p)—Xc(¢p+sin q:)]z“

only axial forces. This proof

can reedily be extended to any +[tr’2n(sin¢—¢)]i"

discontinnously variadle moment 24
of inertia. bXa=0=———3Xu-r—2Xc, ........... (12)
2
; - A .
III. MOMENT ON A TANGENTIALLY O—X;=0=—S(””‘P—”251“‘7’“‘Xa"
]
SUPPORTED CIXCULAR RING X, rcosp— Xprsing— X rsingrdg
. 2
The shear flow in the akin for _S(—tr22n)rsintprdzp
an applied moment is (fig. 4): ;
. - 1 . 14
M = |tr2{sing—pcosp+ —sin2¢—
t = —% _ = const (8) [ ( . 4 12) v
e —|—Xa-r(ccsqz+?sin'~’zp)—l—X,,-r(zsinth—T)
2 2x
To determine the three static re- -}-Xc-cosw]O +[tr“2ncosw]” ----- {13)
dundants, we again make a top cut T o (14)
on the ring. The moment M, due Md. :
i X{,=+ll‘=—’——-—*,
to My and the shear flow &, 2ar
corresponding to figure 4, are de- o4 _ ¢, o
termined as follows: A load el- ch—O__S(” p—trising — Xoor

o

ement ¢ r da produces at the L X, rcosg—Xy-rsing—X;)rde
point defined by the angle ® a 2
moment: ——5‘(—tr22n)rd<p

dMy, =t(r—rcos(p—a))rdo (positive}

3
My, =tr2 \ (1—cos({p—a))dox
O (}S( + X -rsmo+4 Xp-rcosg-— X, tp]

=t 72 {p — sin @) in the Ist and 2nd quadrants (9) +[—- P
In the third anda fourth quadrants, ——92X _,_2;
we substitute in place of @ the ¢ ‘

value (2m - @) and therefore ob-p.on
tain a down-bending - hence nega- tigr:%‘;ﬂiszs éizl gndxili)o
»

tive moment:
In the first and second guadrants

My, =—tr2(2z—gp—sin(2z—9))
0% t.:z(,pn_smq,_g,,) (10) there is obtalined:
The moments of the three statis

unknowneg are (fig. 5)s

[”291 +tricosp— X, re

M
M= —2% (p - 2 8in @) (17)

Mg + (r-r' cos ®)j and in the third anmnd fourti; 'qnad-

Mp = + T sin @; Mc = + 1 nants:'M

We thus obtain: K = E% (9 -2 sin® - 2m) (18)

oM _ oM _ 1: '

oxa_—(r-—rcosq:), aX —rsing; 3%, !# The obtained momentum curve is at

oA M oM the same time the line of infim.:

oxa:o_ 77 oox T4 ence for the bending moment duwe

o to a displaced load moment.

=—s‘(u-2 —trising— X, r4 Xq-rcosg

_ We shall alse determine the axw.
121 and shear forces in the eir-
cular ring stiffener due to the
moment - Mg (f:lg. 6) .

Naﬂo

—Xbrsmtp XJ)(r—rcosg)rde

2
—-S(-—tr‘2n) (r—rcosg)rde

-5

tre

3 (tp —tpsmtp—{——sm’qa)

- Ny Xy
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“4n equations (17), (18), (20),
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"4 Fg=t v cos {p~a) da (compres- we have

sion) f § rcosar da

P. t =
Ny = = j; t r cos (p~a) da 111'36 »
=« t r sin @ (19) =P gina : (24)
With Ny = + 1 sin @, the total r
axial force becomes We again consider a ocut made on
' the ring above. A load element
N=wtrsesing -t r sin o t r da produces at the position
defined by the angle 4® a mo-
==~ 2t rsing ment:
SR ./ R Y P (20)
21 : '
The force is thus compressive in dMy, =—trdx(r—rcos{p—c))

guadrants I and II and tensile in
quadrants III and IV.

—_— P, H .2 —_ .
=— psina-s (1—cos (p—a))d«;

g
> z)
! sin c —sina cos {(p—«))du
'

Similarly wve determine the shear My, =——

~

forcel b
Q = Qp = Xy Ny "P (I——cosqn—-— smrp)
d Qo = t r sin (p-a) da vahidinrange O to = (25)
1
Qoz.strsin(qa—a)da:tr-——lrcosw L{2n
v On account of symmetry Xy = O,
With Qp = 1 cos @, we thus have: so that we determine X, and X¢
Q=tr—trcosp-—ircosp=_1tr{l—2cosp) P
=—§£51 (1—2c0s@) . . . ... (22 M=— nr(l—"OS'ﬁ—Z'Sinfp)—ﬁ’u-r('—ms'l’)—Xc;
zr
' h]
Substituting various values of ©® g« : (r-—rmﬂm);-nf‘”-r-—l,

and (22), the daistribution of M, aA:(,z_z"_P "3 —oos e P
N, and Q over the circular ring ¥ f( ( cos p smqa)
is obtained. (See graph 1.)

— X (r—rcosp) — .\’c) (r—recosg)rdeg

1Y. RADIAL FORCE ON TANGEN- =[_‘,li_r_(q,_g,nq,Jr__m,,,__Lgm,,,
1 2
TIALLY SUPPORTED CIRCULAR
RING —sin(p—[———sm2<p—|—-—+£-§in’rp
‘When a cylindrical tube is ——+—S”‘2"’) —Xa: ’("’ 2sing -+ “"2'P+“)
loaded by a force acting along X lo—
the axis of symmetry, the shear o7 Sm'p)]o """""""" (26)
flow, as is known, is not con= =_1p.r—X,,,.-3--m—Xc-n, ....... (27)
stant but varies with the static 8 2
mo fig, 7 - > N
ment ( g ) . ) a9‘_’(_4—_—0=—2(”)(—--1%(1—cos:p—%’-sinqz)
t =22 7ary=2738 yas (23) o
24 J —Xa-(r—rcosqo)—Xc)rd(p
In polar coordinates with the B s L4 Ly
polar moment of inertia [ n (q’ singtg cose 25m¢)
. — X r(qp—-sinq:)—Xc-q;]" .......... (28)
J = r"" 8 Pr

=—-?'——Xﬂ RAor—XeoTt v v v o e e e e (29).



Prom equations (27) and (29),
there is obtained:

3P Pr
X 2 e e 3 X = —
a aw ' 4
and therefore,
M=—€—z£(1—cosrp—%sintp)—{—%(r——rcos«p)——f—;
=——%(2——cos¢——2q)sin¢) ......... (30)
The obtained moment curve 1s
simultaneously the line of in-
fluence for the bending moment
due to a displaced radial con-
centrated force P = 1.

There will now be determined
the axial and shear forces in
the circular ring for this case:

dNg, =trcos{p—a)du

P .
= —i—? -sin & cos (p — &) d & (Tension)

Vi
Ny, =J —+ :(sinzx-cos (p—a))da
0

27
With Ng = - 1 cos @; Ng
we have:

N=y L

sin —E—Iz-cos
2n k4 4n P

P . 3 '
- . — 3 cos ... (32
+ 5 (¢ sing— 3 cosw) (32)

The shear zorce 1s similariy de-
termined:

P
P . .
Qo _I7 sinasin (p —a)d o
0

P .
=ﬂ(smtp—<pcosqv)
Q,=1-sing; Q,=0;
_._13.(' —pcos )—E—I«)qin
Q—Zn sing—pcose i Sine

P (1 .
=— 2;(-2——sm @ - g cos !p) ..... (34)

By substituting various values of
® 1in equations (30), (32), and
(34), there are obtained the bemd-
ing moments, axial ferces, and
shear forces, The curves for X
and Q also represent the in-
fluence lines due . to a displaced
radial force P (graph 2).
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V. TANGENTIAL FORCE P OF A
TANGENTIALLY SUPPORTED
CIRCULAR RIRG

On applying a tangential ferce
on the tangentially supported
circular ring, the supperting
skin forces may be determined bdy
adding two radial oppositely di-
rected forces. Two shear flows
(f1g., 8) are obtained (sece sec-
tions III and IV):

Pr - T

tl =
2nr any

and

t, =_£_ sin o
mr

In guadrants I and II these shear
flows add up, while in guadrants
III and IV they subtract. Agailn
a cut 1s made on the top of the
ring and the three static redun-
dants are determined. The ac-
tion of P extends only to
quadrant II.,

The moment due to t1 in quad-
rants I and II is
oy = - r® t, (p-~sin o)
= - EL (p -sin @) (38)
211

In quadrants III and IV, by sub-
stituting (2 - @) for ®:

Pr
qu = + 5;.(2n -~ ® + s8in @) (36)

The moment due to
rants I and II 4is

t, in quad-

Pr.,_ 2 >
M°¢ = - 17(} cosp-— sin @ (37)

In guadrants III and IV by sub-
stituting (2n-9) for o:

Pr
Mg = = 5 <1 - cos @

.
+ 33—;—9 sin m)

(38)
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In quadrant Il we have, in ad-
dition, a moment due to P:

Moy = + B 7 (1 - sin o)

From the total moment we again
obtain oM/aX,, oM/aXy, and

am/axc, and through integration:
[ (— ——tpsm(p—{— -—sm’tp)r

Pl‘ _ o ? 2
.}_[n— = smtp—i—2cos<p—|—wsm2zp—}— -sin ]0
Pr _l 2 2
[—2—; 2mp—————2nsmtp+tpsm<p 3 sin 97]”
4 _}_)_' —— ——sm +Z coszp—i——sm2:p
p ‘P ? 16
2n
%sm'tp—}—ismzw—-n coscp]
[P qJ—{-cosq)—qmq:—}——sm*q:)]
3 . N
_}_[m (,2_¢_2sm<p—]—~sm 2?’)
1 R 2n
+ap- (—COS(p—— sin® )—l—Xc .(tp—'Slﬂ‘P)]o (40)
0 -—-—Z—Pr—-—Prn—}—Xa Sart+X,-2n . . . . (4])
04 Pr _ 2\
3, =0= [T(—fpcos<p+81n4p+-4-sm2<p 2)]0
P" _ 1l _‘7;2 in?
+[T —Cosp— 5 sin“ @ 4 Sin*e
2
—9; cos2¢ - L sm2¢p—|———cos2(p]
Pr 1 2
20 21c05zp+rpcos<p——sm<p— ’~‘.1n2tpl )
Pr = sin? ¢ - _z P i
+[n cos @ sm }—§¢ 4sm2rp 4sm @

o 1 2
—?cosmp—{——é—smmp—}- 16 cos2¢)]

—[Pr(—cosw—{—%sin%p—%)]

wly N

-+ {X,,r(— cos p— %-Sinztp)

@ 1 . 2 49
—{~X¢,r(?—-4sm2zp)—Xc-cosrp]” ..... {42)
Pr Prx . .
0=— 9 -}- 1 A Xpermooo. oo (43)
r
Xp—— - (n—2)

DA — = I_)—r Ti-l— 08 :,_ ]) —3 )= o l-’
i))(.'2---0-—[27!(2 osrp)] }[ (p 2s|nr,z |- u)s:,)

Pr 9° 27
—_— ['2’;‘ (2?1(]) — -2-——-(‘09 lp)]
IPr

q;_.__%_sm p—mcos g -;’-COS(p)]L:’
R4

[Pr(qu—*—cos:p)l [X,,r(:p~sin(p)—-Xbrcosqz+Xyp]‘f)"
z e .. {44)

0=2Pr—»2 Prat+X,-2ar+X,-27% . . . . . (45)

(29)

From equations (41) ana (45),
we obtain:

4 ‘ Pr
Xg = = zm3 Xg = = 27 (3 - 1)

The final moments in guadrants X
to IV, therefore, arxes

My =—&(¢—sin¢)—ﬂ(I—cosw——isinw)

+— (r-——-rcoszp)-—i—4— (r—2) rsin q)—l————(3—n)

=— [(2 ¢ + 7} (1 — sin p) — 3 cos ¢] . (46)
My =+1l[8n—2¢) (1—sing)+3cosq] . . . (47)
Mnmv=—k§£U3n—ﬂwH1—4m¢%—3wsﬂ.. . (48)

As in the previous cases, wé
also determine the axlial and the
shear forces:

N .+2n[( )sm¢———c%¢] )
N =+ [l d s —Jooss] - . (o0
wa=+ﬂﬂ@—%ﬁm¢—%ww] . (61)
a =g [tthene—[r+ 3 oose] - . 52
S Y DA o
Ql,mvzzin[u—-; sin_qu+(§2f—<p) cosm]- - (54)

By substituting values of ¢ in
the equations, we obtain the
curves for the beanding moments,
axial and shear forces plotted in
graph 3. Again these are the in-
fluence lines due to a dlsplaced
tangential force P,

VI. SINE-SHAPED LOAD DISTRIBUTION

In order to take into account
air forces on the fuselage, there
will algo be considered the sine-
shaped load distribution (fig. 9).

Let the loading be:
37:)

P == — Pmox* COS o (von ~ bis 5 (55)

Pv = Pmax * COS & * COS (n—a) Vertical Component

P, = 25”“‘“,' coSoCOS(m— o) rdo=rpmax- Z (66)
T

2



The shear flow corrosponding to
equation (24) is them: ~

t = E%EE sin o (57)
On making-a cut on top of the
ring, there follows from &:
M. = = r? Ppex
L -z
(1'- cos @ - % sin w) (58)
From P = Ppgx €08 o, there is

obtained in quadrants II and III:
dP=p-rd«;
dMy, =p-rda-sinlp—a)-r
= —Pmax ' r?cos x sin (p—oa) do;
g
My, =— Sl 2 Pmax €OS « sin (¢ —a) d o
B

. 1
= —r% Pmax (% sin ¢ — —n— sin ¢ - 3 08 (p) (59)

Again on account of symmetry,
Xp = 0; hence

24 _
3x, =0

( cosrp—(zp

_ " Pmax

sin lp) (L—cosp) ridyp

. 1
_r“‘""""“‘ (rzpsm 4 % gin p-l- Ecosqv) (1—cos) ridyp
9

——f(Xa r(1—cos ) 3 X;) (1 —cos @) r2de

0
1 .
.=—1~2p,,m[—}-lcoszp———gcosrp—}——smqo
= Z sintp— 2 gin? ___1_
+251ncp -}— sin? g < sin rp—[— 16 sin2¢

1 . 4
—Esm2tp—z] -+ Gl. (26)

2

and rgplacing P in equation (26)

by I _Paax ¥
2
0 3
= — 1 %7 bz 7% prax— g Ko ar—Xoo7 (61)
) — rt Pmax _9® .
DXO—' = f ( —Ccos @ 2sm<p)rd<p

—f" Pmax(lsm <p——sm(p—}——cosqo) rde

o] N

NACA Technical Memorandum No. 1004

—J e r1—cos )+ X rde -
3 [ .
= — 12 Prnax [-4— cos rpfgcos¢+- sing +Gl (28) (6'2)

T
(substiguting for P in equatien

r v
(28) _.P_g_a.!_._

x
=—"2Pmsx'E‘*"'zpmax—Xa'”"_ch . (63)

From equations (61) and (63) there
is obtained:

r 1 1
Xaz—l’max'z§ Xe="41* pmaz (‘E'—Z)

There is thus obtained for quad-
rants I to IV:

— 7 Proax __ 9
My ———2~(1 cos @ 2sm<p)
2 11
+ BB (1 05 6) —1* pmas [ — 5
1 .
=—r%pmax (»};—Zcosqn——iism(p) ..... (64)
1 1 . T,
M11=—"2Pmax‘—n—+zCOS‘P"*‘%Sln‘P—ZSlﬂ?’) (65)

We determine also the axiasl and
the shear forces (fig., 10)

duve to b
oq=*+5g?5-wﬁn¢
due to D3
dP=p-ds=ppaz-COSax-rdo

ENop= Pmax-COS - rdosin (¢ — )
@
No,,=pmnx-r5'cosocsin (¢ —x)da

Kl

g rp——‘smzp+~cosrp (66) -

W

= Pmax'T

There is thus obtained:

Ny =+Pmnx"r‘(975iﬂ »— cos p)

Nt = -t pmox ( psing--nsing—3cosp) (6R)

Similarly, there are obtained the
shear forcess

1 .
Qo (p) = Pmax* 7 [—2- cos® psin (p_]l__;zcos (p_% cos @

|- ; sin® p — % sin (p} (69)
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and hence:

»
Q1 =—Pmax 'Z‘PCOS‘P
Qn=pmx-£(2cosztpsin P+ pcosp—mcosy

~+ 2sin® p—2sin ~)  (71)

By substituting various values of

@ 1in equations (64), (65), (6%7),

(68) and (70), (71), there are ob-
tained the curves for bending mo-

ment, axial and shear forces

shown in graph 4.

As a2 check for the maximunm bend-
ing moment at the lowest point of
the ring M,, we use the moment
curve of figure 2 as an influence
curve for the sine-shaped load and
obtalin:s

Mg, = ;—n (2— cos ¢ — 2 @ sin @) tnfluence curve

dM = pmax-COS@-ds- M('/);

T ', 2
M, = 2f-p5'2’—§t—r— (2 cos p— cos®p -— 2 psin g cos p) dp
Y
B .
= — Pmax ' %+ 0,068.
The -value for M, corresponds to

the value computed from equation
(64) for o = m.

As a further check, the value of

J M ds must become zero, a fact

which holds for this case as for
the three previous cases.

VII. TREATMENT OF THE ABOVE
LOAD CASES FOR VARIABLE
HMOMEXRT OF INERTIA OF
THE RING

FPor jhe case considered under
III, let the moment of inertia
vary according to figure 11:

J1=Jc

Jg = n J;3 %f = %

Making use of equatiens (11),
(13), and (15), we integrate
over the ranges 0 to w/2, nw/2

to 3n/2, and 3w/2 to 2w, the
m7ddle range being multiplied by
l/n:

§£=Q=L<&r@§—4—XAw+ﬂ
1 3n
+;[—xar(7+4)fxc(n—2)]

OD—X/%==0=[——X,,r(n—2)—-—Xa‘-n]+;ll—[—Xa"("'{‘m—xa”]-
Henece, for variable moment ef
inertia:

Xa = 0; xG = 0
§—£=O=[2tr2———lr2%——Xbr%J

1 3, e z
—}——;[—2”’—}—5”” Xer]

The following values are obtained

for Xp:
1_ 1 1 L 1 1 1
1 2 3 4 5 10
Md
Xp==5 — 1,0 0758 0637 00563 0515 0405
and, therefore, the total moments

M= g% (p = N sin @)...(~ 2m)
addltive for quadrants III and IV

The corresponding values for 1|
are:
1 1 1 1

10

3 4 3
1,637 1,663 1,616 1,405

=1 1
1 2
0 1,768

=3 ¥|=
134

The moments are pPlotted on graph
5. The check J M ds gives szere.

Finally, for the case consldered
uvnder IV, the momeant of inertis 1is
varied, according to figure 1l3.

J 1
The integration is bdetween O
and m/2 and between m/2 and
7w, the latter range being mul%i-.
plied by 1/n. From equations
(26) and (28) we then haves

da=n J,;

PR 7 )
x4 e
—xo Pl

- o- Y -xr i

—x e

n T

— X,r (%+1)—Xc—’2i]-
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There are obtained the unknowns

and fectors:

i1 1 1
n 1 2 3
Xog=—

P

—;—-0,75 0,706 0,675
Xc=+

Pr

0,642 0,622 0,566

—n—-0,25 0,207 0,1875 0,1695 0,1613 0,1372

5= 06 0505 05125 0,56272 0,5393 0,5822

£ =0,25 0,298 0.325

0,358 02378 0,445

and substituting the bending fac-
tors, the bending moments are:

Pr
H=-— (n-t cosp -0,5 @ sin o)

The moments are plotted on graph

6. The check S M

ds gives zero.

Similarly the bending moments
for variable moments of inertia
of the circular ring may be com-
puted for the cases treated un-~
der sectiona V and VI by the pro-

cedure set up.

The moments of

inertia also may be otherwise.
discontinuously varied without
too great increase in computa-

tion, It was not
the scops of this

possible within
paper to con-

sider further cases.

VIII, SUMMARY

For circular ring stiffeners

with constant and
ments of inertia,
moments and axial
were obtained for
applied moment, a
tangential force,

variable mo-
the bending
and shear forces
the cases of an
radlal force, a
and a sine load

digtribution, taking account of
the tangential support of the

ring.

In order to be abdle to

treat further cases of variabdle

moment of inertia

that may occur

in practice, the integral values

dA /3%

are computed,

The practi=-

cal application of the results

presented in this

paper gives a

considerable saving in time and

labor as compared

with the usual

method of dividing the ring mo-

ment areas into smaller sections
according to Mller-Breslau and,
moreover, provides greater ae-~
curacy.
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Xe=—

r

Xa==—1

Pigure l.- Circular ring
stiffener with
internal pressure.

% 7

Figure 3.~ Circuler ring
stiffener with
variable moment of inertia.

Figure 5.~ Introduction of
the static re-
dundants.

Figs. 1,2,3,4,5,6

Xo=—1 Xe=—1

Figare 2.~ Introduction
of the static
redundants.

P \
A

Ny

Figure 4.~ Moment Mg on
a tangentially
supported circular ring.

Pigure 6.- Determination
of the axial
and shear forces.
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RN\ df=ds-6
o

A

=
1 P

Figure 7.- Radial force P
on & tangenti-
ally supported circular ring.

Figure 9.- Application of a sine

load distribution.

7
Ma

Figure 1ll.- Variable moment
of inertia.

Figs. 7,8,9,10,11,12

Figure 8.~ Tangential force
P on a tangenti-
ally supported circular ring.

FPigars 10.~ Determination of
the axial and
shear forces.

o

P

Figure 12.- Variable moment
of inertia.
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gentially supported

circular ring.

Graph 4.~ Sine load on a tan-

a tangentially suppor-

? ted circular ring,

P

Graph 3.- Tangential force P on
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